ABSTRACT
Inhibition of bacterial growth and metabolism by weak organic acids is a well-known 50 phenomenon that has been exploited for food preservation for hundreds of years (1).
51
Undissociated weak acids can permeate the cell membrane, and once inside, they can dissociate 52 to release anions and protons, resulting in a decrease in the intracellular pH and growth The mechanism underlying this weak acid toxicity has not been easy to elucidate. Formic and 
103
In the present study, we employed random mutagenesis to obtain acetate-tolerant MetE mutants.
104
The MetE-214 mutant, which exhibited faster growth in the presence of sodium acetate, 105 contained multiple amino acid substitutions, including V39A, R46C, T106I and K713E. Alanine 106 substitution of the surface-exposed cysteine 645, which has been identified as a unique site of 107 oxidation in the MetE protein (15, Sonifier (model 450). The cell debris was removed via centrifugation at 13,000 x g for 30 min.
193
The proteins were purified from the supernatants using Ni-nitrilotriacetic acid agarose (Qiagen, 194 Germantown, USA growth in HCY-free medium, and we did not detect any differences in growth rates between the 274 mutant and control strains (Table 3) . Supplementation of the HCY-enriched medium with L-275 methionine slightly relieved the growth inhibition of all the tested strains (Table 3) . Previously, respectively. The enhanced thermal stability of the acetate-tolerant MetE mutants was confirmed 330 through incubation of serially diluted cultures on solid M9 glucose plates at 44°C (Fig. 5B) . The 331 viability of the mutant strains was increased by at least two-to three-orders of magnitude 332 compared with the wild-type strain (Fig. 5B, left panel) , although the same maximal viability
333
was not observed in the presence of methionine (Fig. 5B, right panel) . This result can be wild-type and mutant strains at 44°C to the same extent, thus abolishing the differences observed 337 among these strains (Fig. 5B, right presence of sodium acetate (20 mM) or at 45°C, and they were compared with the control strain
369
WE harboring the wild-type metA and metE genes ( Fig. 7A and B control strain WE did not grow at 45°C (Fig. 7B) .
385
We also tested the viability of these strains at 45°C. Serially diluted cultures were incubated on 386 M9 glucose plates, with or without L-methionine ( Fig. S1A and B) . As shown in Fig. S1A incubator at 37°C for 28 h, with two repetitions. L-methionine was added to the medium to a 623 final concentration of 50 µg ml -1 .
624
The specific growth rate (µ, h -1 ) was calculated through linear regression analysis of ln(X/X 0 ) 625 data with Sigma Plot software, where the initial OD 600 (X 0 ) was 0.1-0.15 at the zero time point,
626
and X represents the OD 600 values measured every 10 min in an exponentially growing culture 627 over 1 h.
628
Symbol: -the increase in the specific growth rate is ≥10% of the rate in the control strains. 
